five categories based on the cervical examination (dilatation, effacement, station, consistency, and position) and found that a total Bishop score of 9 or more was associated with a zero rate of failed inductions in parous patients. 12 A more recent study found a 31.5% cesarean section rate for IOL with Bishop score <5 versus a cesarean section rate of 18.1% when the Bishop score was !5 (p < 0.001). 13 Another investigator had similar findings but with a Bishop score of !4 as the cutoff.
14 None of these studies controlled for maternal BMI. Of note, not all studies have found the Bishop score to be predictive of successful labor induction.
15
Although obesity and low Bishop score are both associated with failed IOL, it is unknown whether the two act independently or synergistically. Most of the studies on obesity and cesarean section have not controlled for the patient's cervical exam on admission. In one small case control study that looked at both maternal BMI and cervical examination, both factors were significant contributors to an increased cesarean section rate. In that study, only cervical dilatation was considered (versus the full Bishop score) and the interaction between these two factors was not investigated. 16 Therefore, the objective of this study was to determine the Bishop score that most accurately predicted induction success in nulliparous patients within each maternal prepregnancy weight group, as well as any factors responsible for the differences observed. We limited our study to nulliparous patients because the data regarding Bishop score and increased cesarean rate are more consistently associated with unlabored uteri.
14

Methods
This study was approved by the Institutional Review Board at Madigan Army Medical Center. This was a retrospective cohort study of 696 nulliparous patients undergoing IOL at term (37 to 42 weeks' gestation) between 2006 and 2010. The study inclusion criteria were nulliparous patients 18 to 50 years old with BMI !18.5 and singleton pregnancy undergoing IOL at 37 to 42 weeks' gestation. Exclusion criteria were previous uterine surgery, intrauterine fetal demise, noncephalic fetal presentation, and ruptured membranes or labor at time of admission. Also, patients were excluded from the study if their BMI data at the start of pregnancy or Bishop score on admission was not available. We divided our study population into groups according to BMI at the time of their first prenatal visit: normal weight (25 > BMI ! 18.5), overweight (30 > BMI !25), obese (35 > BMI ! 30) and morbidly obese (BMI ! 35). For each patient, estimated gestational age, indication for IOL, preinduction five component Bishop score, height and prepregnancy weight, patient demographics, estimated fetal weight, birth weight, and mode of delivery were recorded. The Bishop score was based on the initial cervical examination performed by the midwife, resident, or attending physician that admitted the patient for labor induction. This data were collected utilizing our institution's electronic medical record system, which documents all patient encounters including antenatal visits, admission history, and physicals, delivery notes, and newborn exams. All nulliparous patients who underwent IOL during the study period and who met inclusion criteria were analyzed. The optimum Bishop score for predicting successful IOL was calculated for our entire study population and separately for each BMI group. For the purpose of this study, we defined successful IOL as vaginal or operative vaginal delivery. Cesarean section for any reason after beginning the induction process was classified as an induction failure. During the study period, our providers considered the active phase of labor to commence with regular uterine contractions and a cervical dilatation of 4 cm or more. Our center follows American College of Obstetricians and Gynecologists guidelines for labor management.
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Multivariate logistic regression was performed to determine independent factors associated with IOL success in our study population. SPSS 14.0 software (SPSS Inc., Chicago, IL) and Open Epi Version 2.3.1 (Open Source Epidemiologic Statistics for Public Health, Emory University) were utilized in this study. Statistical tests used included two sided Student t test for continuous data and chi-square and Fisher exact tests for discreet data. Block entry was used for the logistic regression.
Results
A total of 9777 women delivered during the study period and 4385 (45%) of them were nulliparous. Of these 4385 patients, 783 met the inclusion criteria. Of these 783, BMI at the start of pregnancy and Bishop score at start of induction were available for 696 (89%) of them. For the 696 nulliparous patients studied, the rate of successful IOL was 67%. In the total study group (n ¼ 696), a Bishop score of !5 compared with <5 had the best predictive value for successful IOL (75% versus 56%, chi-square ¼ 27.3, p < 0.0001). Within each BMI category, a Bishop score of !5 compared with <5 remained most predictive, as shown in ►Table 1 and ►Fig. 1. Compared with the obese group (BMI ! 30, n ¼ 198), the nonobese group (BMI < 30, n ¼ 498) had a higher rate of successful induction (70% versus 59%, p < 0.01).
When these groups were subdivided further, we did not observe differences in rates of successful IOL. Specifically, IOL success between the normal weight group (18.5 BMI < 25, n ¼ 276) and overweight group (30 > BMI ! 25, n ¼ 222) was not statistically significant (73% versus 66%, p ¼ 0.1). The difference between the mildly obese (35 > BMI ! 30, n ¼ 125) and morbidly obese groups (BMI ! 35, n ¼ 73) was not statistically significant either (58% versus 60%, p ¼ 0.7). Therefore, we limited further analysis to comparisons between obese and nonobese groups only.
Compared with nonobese patients, the obese patients had lower rates of successful IOL for Bishop scores <3 (57% versus 39%, p < 0.05) but not for Bishop scores !3 (72% versus 65%, p ¼ 0.1). In addition, a higher proportion of patients had Bishop scores <3 in the obese group compared with the nonobese group (25% versus 14%, p < 0.001; ►Figs. 2 and 3). In summary, the optimum Bishop score for predicting successful IOL in nulliparous patients was 5 regardless of BMI class. The higher IOL failure rate observed in obese women was associated with lower starting Bishop scores and was compounded by higher failure rates in obese women with Bishop scores <3. The obese patients were also older, which was an independent risk factor for failed induction.
Discussion
In our total study population, nulliparous patients undergoing IOL with a Bishop score !5 had the most favorable outcomes, consistent with the findings in previous studies. 13, 14 Our observation of higher IOL failure rates in heavier patients is also consistent with prior investigations. [8] [9] [10] [18] [19] [20] Therefore, it was surprising that the optimum Bishop score for predicting successful induction was the same regardless of maternal BMI. That is, the higher induction failure rates associated with increased maternal weight did not translate into different optimal Bishop scores for different maternal weight classes. Our findings highlight two potential problems for nulliparous patients who are obese and undergoing IOL. First, among the subgroup of patients starting induction with the most unfavorable Bishop scores (0 to 2), obese patients had higher failure rates than nonobese patients. Second, a higher proportion of obese patients started induction with these very unfavorable Bishop scores. It is possible that these two factors act synergistically against obese patients undergoing IOL. Several investigators have observed a longer first stage of labor in heavier patients.
21,22
This phenomenon could increase the incidence of cesarean section for arrest of dilatation in obese patients; however, our study was not powered to measure such a difference. Although our findings suggest that outcomes could be improved by delaying induction in nulliparous obese patients until they achieve more favorable cervical examinations (Bishop score >2), a randomized trial would be needed to answer this question for certain. Other strategies proposed to reduce the cesarean section rate include: requiring at least 12 hours of oxytocin administration after membrane rupture before deeming labor induction a failure in the latent phase 23 ; changing the cervical dilatation used to diagnose the start of the active phase from 4 cm to 6 cm 24 ;
and increasing the length of time allotted for cervical change in the active phase from 2 hours to 4 hours. 25 Again, randomized testing is required to determine if any of these algorithms would decrease the cesarean section rate without unduly increasing maternal or neonatal morbidity in obese patients. For now, obese patients with the most unfavorable cervical examinations could be more accurately counseled about their risk for induction failure. The principle weakness of our study was its retrospective design, which made it vulnerable to bias and prevented drawing any conclusions of causality. In addition, a uniform method of induction was not used. The principle strength of our study was its use of a comprehensive database, populated prospectively at the time of patient admission. As a result, recall bias was not an issue and provider behavior was not influenced by expected or desired study outcome. 
